Seventy seven patients were studied by the H202 cytotoxicity assay. Where possible, these patients were the same as those in whom 8-oxodG levels were determined, but this was constrained by the relatively large blood volume required for the two assays. The inclusion criteria for the four groups studied for cytotoxicity were the same as for the corresponding groups in the 8-oxodG study and the details of the groups are given below. 1 Healthy controls Twenty three healthy laboratory staff (eight women, 15 men), median age 35 years (range 22-59). Ten of these subjects also formed part of the healthy control group in which 8-oxodG levels were measured. 2 Systemic lupus erythematosus Twenty two patients (12 women, 10 men), median age 36 years (range . Disease duration two to 15 years (mean 6-4 years). Nine of these subjects were also in the 8-oxodG study. 3 Rheumatoid arthritis Twenty patients (13 women, seven men), median age 61-5 years (range 30-73). Disease duration five to 18 years (mean 10-6 years). Seven of these subjects were also in the 8-oxodG study. 4 Scleroderma Twelve patients (five women, seven men), median age 55 years (range 42-77). Ten of these subjects were also in the 8-oxodG study. Most of the patients were receiving some form of drug treatment. In particular, all but two of the patients with SLE were receiving prednisolone, but in doses not exceeding 10 mg daily, and they had not had intravenous methylprednisolone in the six months preceeding the study. Some patients with RA were receiving disease modifying antirheumatic drugs and simple non-steroidal antiinflammatory drugs. All blood samples were obtained ( ratio of 8-oxodG to deoxyguanosine in each DNA sample was determined in duplicate based on the peak height of authentic 8-oxodG by electrochemical detection and the absorption at 290 nm of deoxyguanosine. The authentic 8-oxodG standard was synthesised from deoxyguanosine as previously described,36 and the structure was confirmed by fast atom bombardment-mass spectrometry.
CYTOTOXICITY ASSAY Human mononuclear cells were obtained for culture from peripheral blood by density gradient separation after layering onto 'Histopaque-1077' (Sigma, Poole, UK) under sterile conditions. Full details of the preparation and measurement of the proliferative response to concanavalin A in culture have been described.37 Briefly, lymphocytes were cultured in a 3 ml volume (0 5 x 1o6 cells/ml) in RPMI 1640 culture medium supplemented with 5% fetal calf serum and 0 05 mM 2-mercaptoethanol in flat bottom 'Linbro' tissue culture plates. The addition of concanavalin A (4 ,ug/ml) at the start of the culture period induced proliferation of responsive cells in these cultures, assessed by microscopical cell counting in a haemocytometer on day seven, the time of maximal increase in cell numbers. Cells were incubated at 37°C in an atmosphere of 5% CO2. Hydrogen peroxide was added at different concentrations at the beginning of culture. In preliminary experiments the half life of H202 under the conditions stated above was 24 minutes and, therefore, the medium was not removed after the H202 addition. The cell cultures were not re-fed with the culture medium over the seven day period. The results are given as the mean of each group and are expressed as the percentage growth of cells in control cultures not exposed to H202, growth being the difference in cell number after seven days. Only the results for control cells which more than doubled in number during seven days of culture were included.
STATISTICAL ANALYSIS
All statistical analyses were done with the non-parametric Mann-Whitney U test and Spearman's rank correlation coefficient. Values are stated as the mean (SEM) or mean (2 SEM), as indicated.
Results
The adduct, 8-oxodG, was measured separately in the DNA from lymphocytes and polymorphonuclear leucocytes, isolated from the peripheral blood of patients with a variety of chronic inflammatory diseases and from control subjects. 8-oxodG was detected at a level of between about 30 and 300 moles 8-oxodG per 106 moles deoxyguanosine in all the samples analysed. Figure 1A shows a typical HPLC-EC analysis of the deoxynucleoside mixture, produced from the digested DNA from lymphocytes. 8-oxodG is one of the main electrochemically active analytes under the detection conditions used, though other unidentified peaks were also present. Peak identity was confirmed by the retention time (fig 1 C) , spiking the hydrolysed DNA sample with authentic 8-oxodG standard (fig 1B) , and by determining the voltammogram of the relevant peak in a sample ofhydrolysed lymphocyte DNA. The within-batch coefficient of variation for the assay was 3.6% and the batch to batch coefficient of variation was 10-95%. analysed further, by dividing it into smokers and non-smokers, there was no significant
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blood lymphocytes in response to concanavalin Levels of 8-oxodG were greatly increased in A,37 after initial damage by H202, was group with SLE, showing a wide range of measured. In agreement with earlier studies8 lues. Therefore, in this group, a further there was no significant difference in the alysis was carried out to establish whether magnitude of the response to concanavalin A els of 8- Reduced repair proficiency of 06-methylguanine, a powerful promutagenic DNA lesion, and increased cellular sensitivity to alkylation damage as well as ionising radiation, has also been reported7`9 in blood lymphocytes from patients with these diseases, including Behcet's disease. Interestingly, the levels of 8-oxodG in lymphocytes from patients with scleroderma, a disease associated with auto-. immunity, coincided with levels in lymphocyte DNA from healthy controls, while previous studies also showed proficient repair of 06-methylguanine in lymphocyte DNA from these patients. Systemic lupus erythematosus and RA are inflammatory diseases in which the production of the superoxide anion radical (02'-) iS increased in inflammatory cells such as polymorphonuclear leucocytes. In these diseases an increased incidence of chromosome aberrations and sister chromatid exchanges has been reported in mitogen stimulated lymphocytes,50 51 possibly resulting from induced DNA damage. The increased extents of oxidative cellular DNA damage, indicated by raised levels of 8-oxodG in lymphocyte DNA, might have resulted from the associated inflammation in the diseases studied here. Such active inflammation would result in increased free radical formation at inflammatory sites. There is, however, no good evidence available to show that chronic inflammation can induce increased levels of 8-oxodG in target tissues, though non-specific DNA damage, such as strand breaks, has been described. 52 of normal endogenous aerobic metabolism. Attempts in this laboratory to induce 8-oxodG in the DNA of cultured, intact primary blood and spleen lymphocytes by H202 and radiation, even at very high dosage, have been unsuccessful, in direct contrast with experiments using previously isolated DNA.20 21 Also, 8-oxodG was not induced above background levels in rat hepatocytes treated with bleomycin,54 an antitumour antibiotic thought to involve the formation of a reactive oxygen intermediate, possibly the hydroxyl radical. Induction of 8-oxodG in established cell lines has been reported after exposure to x rays4' or H202312 55 but very high doses were required.
Whatever the mechanism(s) involved, most human peripheral blood lymphocytes are long lived cells with long intermitotic times, which would thus allow for the accumulation of 8-oxodG in their cellular DNA even when acquired slowly. In contrast, polymorphonuclear leucocytes are short-lived cells with a half life of about six hours in human blood. It therefore seems more likely that deficient repair, rather than increased damage, accounts for the increased levels of 8-oxodG in the peripheral blood lymphocytes of the patients studied here. Others have previously suggested that patients with SLE are defective in 8-oxodG repair, based on the analysis of urinary 8-oxodG. 56 Hydrogen peroxide inhibited the proliferation of concanavalin A stimulated cultured human peripheral blood T lymphocytes from normal subjects or patients with autoimmune diseases in a dose dependent manner. Previous studies have shown that the inhibition of proliferation caused by exposure of stimulated lymphocytes to agents such as N-methyl-N-nitrosourea or ionising radiation is an index of the cytotoxicity of these agents.7 8 In our study T lymphocytes from patients with RA and SLE were more hypersensitive to the cytotoxic effects of H202 than lymphocytes from healthy controls. Of the autoimmune diseases studied, scleroderma was exceptional in showing normal sensitivity of T lymphocytes to H202. Interestingly, previous studies with alkylating agents also showed that scleroderma lymphocytes showed a normal degree of sensitivity.7 The significant differences in the H202 toxicity curves of lymphocytes from patients with autoimmune diseases compared with healthy controls might indicate increased susceptibility to genotoxic damage resulting from defective DNA repair. Although the concentrations of H202 at which differential effects were achieved were relatively high, it should be noted that a significant proportion of the H202 added to the lymphocyte culture medium as a single bolus was probably destroyed before reaching its site of cytotoxic action within the cell.
In this study we found no significant relation of either cellular sensitivity to H202, or levels of 8- 
